Summary. The interaction of the highly purified basic protein " antigen ", calf thymus histone F2A1 fraction, with peripheral lymphocytes isolated from patients with cancer and from normal subjects has been studied. Analysis, by SDS polyacrylamide gel electrophoresis of the basic protein remaining in the supernatant fluid after interaction with low concentrations of lymphocytes from patients showed the presence of a component(s) of molecular weight smaller than the original histone F2Al fraction. Similar experiments using lymphocytes derived from normal subjects indicated that this component(s) is absent, or at least is present in only small amounts. This difference could be partially abolished by using high concentrations of cell preparations. It is suggested that the observed difference is due at least in part, to differences in protease activity between the two preparations. The possible significance of these findings in relation to the macrophage electrophoretic mobility test for cancer is discussed.
INTRODUCTION
IN RECENT YEARS much interest has been focused on the interaction of a variety of antigenic materials with peripheral lymphocytes isolated from patients with cancer. For instance, the in vitro interaction of lymphocytes with glycoproteins from plant tissue (Yoffey and Courtice, 1970) and extracts from nmicroorganisms (Turk, 1972) has been utilized to assess the immunological status of patients with neoplasias of the reticuloendothelial and lymphoid system (Harris and Sinkovics. 1970) and the immune response of patients with a variety of malignancies during treatment with anticancer drugs (Campbell et al., 1973) and radiotherapy (Braeman and Deeley. 1973 ).
More recentlv, the in vitro interaction of several structurallv related basic proteins with lymphocytes isolated from patients with neoplasia have been studied (Field and Caspary. 1970; Pritchard et al., 1973a) and form the basis of an immunodiagnostic test, the macrophage electrophoretic mobility (MEM) test for all forms of cancer (Field. Caspary and Smith, 1973) .
As part of a general plan to compare the in vitro interaction of protein antigens with lymphocyte preparations isolated from normal subjects and patients with malignant disease, the present study deals with some aspects of the interaction of calf thymus histone F2A1 fraction. This basic protein was chosen for two reasons. Firstly, it can be prepared in highly purified form. Secondly, it has recently been shown that the polypeptide has the ability to act as an " antigen in the MEM test (Johns et al., 1973) . A preliminary report of part of the present work has been published (Fish, 1973 The proteins used as molecular weight markers for SDS gel calibration were cytochrome c (horse heart) and y-globulin (bovine) from Koch-Light Ltd, England; pepsin (hog stomach) from Sigma Chemicals Co. Ltd, England; albumin (bovine plasma) from Armour Pharmaceuticals Co. Ltd, England; trypsin (beef pancreas) and myoglobin (horse heart) from B.D.H.
The basic protein used in the present study was an arginine rich polypeptide fraction F2A1 isolated from calf thymus histone. Unlabelled and 1251-labelled polypeptide (approximately 100 ,uCi/mg) were prepared by, and obtained as a generous gift from Dr E. W. Johns, Chester Beatty Institute, London. Encephalitogenic factor (EF) and tumour antigen (basic protein extract derived from a patient with carcinoma of the cervix) were prepared by the method of Field (1965 1971) .
Preparation of lymphocytes.-Venous blood (10-20 ml) wNas collected from patients with clinically diagnosed cancer who had not undergone any form of treatment, and from healthy hospital workers. The blood samples w-ere defibrinated and lymphocytes wvere prepared by the Ficol-Triosil technique used for the MEM test for cancer (Pritchard et at., 1973b) . After washing the cell preparations 3 times with TC 199, the pellets were resuspended in the same media. Aliquots of the cell suspensions wNere taken for histological examination and lymphocyte counting, using the Jenner-Giemsa staining procedure.
Lymphocyte incubation studies.-A sample of an appropriate diluted cell suspension (500 1u) in TC 199 was incubated wAith 60 Mg of radioactively labelled F2A1 fraction for 90 min at room temperature. The suspension w as then centrifuged at 1500 g for 10 min using an M.S.E. bench centrifuge with a swinging bucket rotor; the supernatant fluid was carefully removed and the pellet discarded.
Preparation of samples for SDS electrophoresis.-The protein samples and supernatant fluids were incubated at 37°C for 2 h in 10 mmol/l sodium phosphate buffer, pH 7 0 containing SDS at a final concentration of 0.500. The samples (50 , ul) were then added to 100 ,ul aliquots of a tracking dye mixture (50 ytl 0.0500 bromophenol blue, 500 1I 10 mmol/l sodium phosphate buffer pH 7-0 containing 0500 SDS and 10 drops of glycerol); 50 Iul or less of this protein mixture was applied to polyacrylamide gels.
Electrophoretic conditions.-Electrophoresis was performed essentially by the method of Weber and Osborne (1969) . Polyacrylamide gels (5 x 75 mm) of 10% acrylamide solution in sodium phosphate buffer (8-8 g NaH2PO4; 20-5 g Na2HPO4 per litre, pH 6-9) containing 0-2%/ SDS, were used for all experiments. An analytical disc gel electrophoresis apparatus with a constant current power supply (Shandon Scientific Co. Ltd, London) was used for all fractionations. Reservoir buffers consisted of gel buffer diluted 1: 1 with water. Electrophoresis was performed for 2 1-3 h at a constant current of 8 mA per gel with the positive electrode in the lower chamber.
Staining and de-staining of gels. After electrophoresis, the gels wrere removed from the glass tubes and the total gel length and the migration distance of the tracking dye noted. The gels were then stained for protein with coomassie brilliant blue by the method described by Fairbanks, Steck and Wallach (1971 In order to demonstrate that the method was capable of separating more complex mixtures of basic proteins, a preparation of normal human brain encephalitogenic factor (EF) and tumour antigen were subjected to SDS electrophoresis and the results are shown in Fig. 1(b)(c) respectively. The human brain extract was shown to have a main component of molecular weight approximately 20,000 daltons but a multiplicity of other components was also visible. The tumour extract was extremely heterogeneous and consisted of components with molecular weights ranging from less than 10,000 to greater than 100,000 daltons.
Electrophoretic fractionation of 1251-histone F2A 1 after interaction with lynwphocytes
The radioactive distribution of 1251-histone F2A1 fraction after electrophoresis in sodium dodecyl sulphate (Fig. 2a) was similar to the electrophoretic pattern obtained when F2A1 fraction is stained with coomassie brilliant blue (Fig. 1) . The radioactive profiles of the super natant fluids after interaction of 1251- histone F2A1 fraction with low concen-results indicate that there were significant trations of lymphocytes derived from differences in the electrophoretic pattern 5 healthy hospital workers and 5 patients of supernatants derived from the 2 with a clinically diagnosed cancer are lymphocyte populations. Using lymphoshown in Fig. 2 and 3 respectively. The cyte preparations from patients with The radioactive profiles of the superpeak appeared of molecular weight smaller natant fluid after interaction of 125I_ than the original histone F2Al fraction. histone F2A1 fraction with 2 concentraSinmilar experiments showed that this low tions of lymphocytes derived from a molecular weight radioactive material normal subject and a patient with cancer was absent, or at least was present only are shown in Fig. 4 , and indicated that the in small amounts, when lymphocytes appearance of the low molecular weight were derived from normal subjects. 
Morphology of the lymphocyte preparations
A histological comparison between cell preparations obtained by the Ficol-Triosil technique using peripheral blood from a normal subject and a patient with cancer is shown in Fig. 5 . Although this technique yields cell preparations from both sources that contain mainly lymphocytes, it would seem that a number of these cells are damaged and the degree of contamination of the preparation with other blood components is greater in patients with cancer than in normal controls.
DISCUSSION
The major finding of this work is that under specified conditions there is a significant difference in the electrophoretic profile of 1251-histone F2A1 fraction after interaction with peripheral lymphocyte preparations derived from normal subjects and from patients with clinically diagnosed cancer. It has been shown that a new radioactive peak. migrating faster than the intact histone F2A1 fraction, appears on the electrophoretograms after interaction of the polypeptide with lymphocyte preparations from cancer patients. Similar studies performed with the same number of lymphocytes from normal subjects showed that this radioactive peak was absent, or at least present in only trace amounts, under the conditions of the experiment.
The possibility was considered as to whether the appearance of the low molecular weight radioactive peak was due to reversible aggregation dissocia- coupled with dependence upon cell concentration (Fig. 4) . suggest that the appearance of low molecular weight components on the gels may be due to proteolytic degradation of the original F2A1 fraction. Although both types of isolated cell preparations consist mainly of lymphocytes, there would seem to be a greater degree of contamination with other blood components, such as red cells and polymorphonuclear leucocytes, in the peripheral blood from patients with cancer (Fig. 5) . No detailed comparative study has vet been made of the recovery and puritv of the isolated lymphocyte preparations from both sources. but work is now in progress to resolve this problem.
Although lysosomal enzymes have been detected in human lymphocvtes (Cichocki, Astaldi and Lisiewicz. 1972 (Janoff and Scherer, 1968; Janoff, 1969) collagen (Lazarus et al., 1968) , calf thymus histone and haemoglobin (Weissman, Zurier and Hoffstein, 1970) , have been described in human polymorphonuclear leucocytes. The preliminary observations that the histone F2A1 fraction may be preferentially degraded by low concentrations of lymphocyte preparations from patients with cancer deserves special comment. It should be noted that the conditions used in the present study for the interaction of the basic protein with lymphocyte preparations are identical to those used for the MEM test for cancer (Pritchard et al., 1973a ). Since it is now known that the histone F2A1 fraction is capable of acting as an " antigen " in this test, it is not unreasonable to suggest that other basic proteins such as encephalitogenic factor and tumour antigen may also be partially degraded to peptide fragments by proteolytic action of isolated cell preparations derived from patients with cancer. It is conceivable that one or more of these peptide fragments could act as a macrophage slowing factor(s). Further progress must wait the isolation of these basic proteins in a pure state.
The present study indicates that there are differences in proteolytic activity toward the basic polypeptide, histone F2A1 fraction, between lymphocyte preparations isolated from normal individuals, and patients with malignant disease. Whether such differences occur with other proteins, or with lymphocyte preparations from patients with nonmalignant diseases, is the subject of further investigation.
